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CO MPUTER TOMOGRAPH COMPRISING ENERGY DISCRIMINA TING 

DETECTORS 



A computer tomograph and method for verification of 
5 X-ray radiation by means of a detector unit which 
comprises a large number of detectors. 

The present invention relates to a computer tomograph 
and to a method for verification of X-ray radiation by 
10 means of a detector unit which comprises a large number 
of detectors. 

Examinations are carried out with the aid of computer 
tomographs in many medical problem situations. 
15 Examinations such as these are also carried out for 
test purposes in a number of machine construction 
fields, in particular in materials science and flight 
safety . 

20 X-ray radiation is used in this case because these 
solid bodies, for example non-metallic bodies, can be 
partially penetrated, so that it is possible to obtain 
knowledge about the distribution of materials within 
the body being analyzed. 

25 

The use of X-ray radiation has the disadvantage that, 
beyond a certain dose, it can damage biological tissue. 
Therefore, particularly in medicine, it is desirable to 
keep the radiation dose required for a measurement low. 

30 

In order to verify X-ray radiation, it is known that 
this radiation can be absorbed by specific 
scintillation materials, with the energy in the 
absorbed X-ray quanta being converted to light. The 
3 5 number of photons produced per X-ray quantum is in this 
case generally approximately proportional to their 
quantum energy. A photodiode converts the light to a 
current which is digitized by an analog/digital 
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converter. Since the self -absorption of the light in 
the scintillation 
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material frequently has molecules added to it which 
cause the frequency of the light that is produced to be 
shifted, in order in this way to prevent self- 
absorption of the light that is produced. 

5 

Furthermore, specific semiconductor materials in which 
the incident X-ray radiation can produce charge 
carriers, are also known for verification of X-ray 
radiation. The number of charge carriers produced per 
10 X-ray quantum is in this case generally approximately 
proportional to their quantum energy. 

The known detectors for verification of X-ray radiation 
make use of the effects described above. In this case, 
15 it should be noted that the known integrating detectors 
produce only one measured value per measurement. The 
light flashes or charges which are produced by the 
large number of X-ray quanta received in each 
measurement period are thus integrated up over the 

2 0 duration of the measurement period. The intensity of 

the received X-ray radiation (the number of received 
X-ray quanta of medium quantum energy per unit time) is 
then obtained by division of the value integrated up by 
the detector by the medium quantum energy per X-ray 
25 quantum, which can be determined stochastically. 

Since the measurement X-ray radiation emitted for 
measurement purposes in computer tomography normally 
has a polychromatic spectrum, hardening effects must be 
30 taken into account in this context. When the 
measurement X-ray radiation emitted from a radiation 
source passes through a measurement object, the X-ray 
radiation is subject in some cases to severe 
suppression of low-energy components of its spectrum, 

3 5 depending on the materials it is passing through and on 

the length of the beam path through the materials. The 
scattered radiation is thus shifted in the same way as 
the medium quantum energy of the received X-ray quanta 
toward higher energies in the spectrum. 
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In order to verify the two-dimensional distribution and 
thus to create an image of the incident X-ray 
radiation, it is known for a large number of identical 
detectors to be combined to form a detector unit for 
5 detection of incident radiation, and for emission of 
corresponding image information. The detectors are in 
this case preferably arranged alongside one another on 
a plane, in the form of an array. 

This results in a different value for the actual medium 
quantum energy per X-ray quantum, as a result of 
hardening effects for each detector in a detector unit 
as a function of the material distribution in the 
measurement object being analyzed. This actual value 
can be determined only approximately by means of 
stochastic methods. Particularly in areas in which 
different materials in the measurement object being 
analyzed are adjacent to one another (for example bone 
edges) , the approximate determination of the medium 
quantum energy per X-ray quantum is subject to major 
errors, despite numerical corrections. 

A further disturbance variable on the measurement of 
X-ray radiation by means of computer tomographs is the 
25 scattered radiation, which is pronounced to a greater 
or lesser extent depending on the measurement object 
being analyzed. The scattered radiation may make up 
several tens of percentage points of the emitted 
measurement X-ray radiation, depending on the spectrum 
3 0 of the emitted measurement X-ray radiation and on the 
nature of the measurement object being analyzed. This 
leads to a considerable deterioration in the contrast 
in the measurement result obtained from the detectors 
in the detector unit. 

35 

A scattered radiation grid through which only X-ray 
quanta which are in a specific direction and have a 
specific energy (and which are thus important for the 
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measurement) can pass is therefore provided upstream of 
the detector unit in known computer tomographs. 
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The scattered radiation grid generally has a specific 
collimator system in the form of a lamella arrangement, 
so that X-ray quanta of the emitted measurement X-ray 
radiation which strike the lamella walls are also 
5 absorbed. 

The provision of a scattered radiation grid accordingly 
means that a certain percentage of the radiation quanta 
of measurement X-ray radiation which is emitted for 
10 measurement purposes is absorbed in the scattered 
radiation grid, and can thus no longer be detected by 
the detectors . 

In consequence, the intensity of the radiation emitted 
15 for measurement purposes must be increased 
appropriately, owing to the scattered radiation grid. 

In medical applications, this unavoidably leads to an 
increased patient dose. 

20 

Furthermore, the scattered radiation can frequently 
also not be sufficiently well suppressed by the 
provision of a scattered radiation grid. 

2 5 The object of the present invention is to provide a 
computer tomograph and a method for verification of 
X-ray radiation by means of a detector unit which 
comprises large number of detectors and in which an 
adverse effect on the measurement result caused by 

30 scattered radiation quanta or hardening effects is 
easily and reliably avoided. 

The object is achieved by a computer tomograph having: 
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a radiation source for emission of X-ray radiation 
with a predetermined intensity and a predetermined 
spectrum; 

a detector unit, which comprises a large number of 
detectors, for verification of X-ray radiation, with 
the individual 
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detectors in the detector unit being designed to 
receive incident X-ray quanta in the X-ray radiation 
and to detect the number of X-ray quanta in the 
received X-ray radiation whose quantum energy exceeds a 
predetermined threshold value; 

a transmission device for transmission of the 
information detected by the detectors in the detector 
unit to an evaluation device and 

an evaluation device which is designed to 
calculate a measurement result from a measurement 
object through which the X-ray radiation has passed on 
the basis of the information detected by the detectors 
in the detector unit, with the individual detectors in 
the detector unit being designed to detect both the 
intensity and the quantum energy of the individual 
X-ray quanta in the received X-ray radiation and, for 
each measurement period, to emit a spectrum which, in 
addition to information about the number of X-ray 
quanta of medium quantum energy received in each 
measurement period, and hence the intensity, also 
contains information about the respective quantum 
energy of the X-ray quanta, and thus the spectrum of 
the received X-ray radiation; and 

in that the evaluation device is also designed to 
calculate the measurement result from the measurement 
object on the basis of the information detected by the 
detectors relating to the intensity and quantum energy 
of the individual X-ray quanta in the received X-ray 
radiation, taking into account the intensity and the 
spectrum of the X-ray radiation emitted from the 
radiation source. 

Since the detectors in the detector unit in the 
computer tomograph according to the present invention 
are designed to receive incident X-ray radiation and to 
detect the intensity and the quantum energy of the 
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individual X-ray quanta in the received X-ray 
radiation, a spectrum is emitted at the output of the 
detectors in the detector unit, instead of a single 
measured value per measurement period, which spectrum 
contains not only information about the number of X-ray 
quanta of medium quantum energy (intensity) received 
per measurement period, but also information about the 
respective quantum energy of the X-ray quanta (the 
spectrum) in the received X-ray radiation. 

A design such as this allows a particularly detailed 
measurement result to be calculated in a particularly 
simple and reliable manner from a measurement object 
being analyzed by comparison of the intensity and of 
the spectrum of the X-ray radiation emitted from a 
radiation source with the intensity detected by the 
detectors in the detector unit for the computer 
tomograph according to the invention and the spectrum 
of the received X-ray radiation. 

The information obtained in this way can be used to 
further suppress influences caused by scattered 
radiation, in addition to a scattered radiation grid 
which may be provided. 

Furthermore, by analysis of the spectrum obtained, it 
is possible particularly reliably to detect hardening 
effects in the received X-ray radiation, such as those 
which occur at bone edges, on the basis of the shift in 
the spectrum of the received X-ray radiation. The 
hardening effects detected in this way can then be 
taken into account, and possibly corrected, 
appropriately in the further processing of the 
information obtained from the detectors in the detector 
unit . 
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Furthermore, during the further processing of the 
information obtained from the detectors in the detector 
unit, in that a quantitative evaluation of the 
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of the spectral data obtained with the inventive 
computer tomograph (for example by p-Z transformation) 
is possible with the methods known for conventional 
computer tomographs . 

5 

Furthermore, the electronics for the detectors for the 
computer tomograph according to the invention have 
considerably less analog parts than the electronics of 
conventional detectors, since there is no need to 
10 integrate up a large number of result elements produced 
by X-ray quanta in the received X-ray radiation. The 
electronics for the computer tomograph according to the 
invention may thus be smaller, cheaper and more 
resistant to disturbances. 

15 

In summary, according to the present invention, it is 
possible to produce a computer tomograph having a 
detector unit, which comprises a large number of 
detectors, for verification of X-ray radiation, in 

2 0 which the adverse effect on the measurement result 

caused by scattered radiation quanta or hardening 
effects is simply and reliably avoided. 

According to a first preferred embodiment, the 
25 detectors in the detector unit have a large number of 
parallel-connected comparators, each having a threshold 
value, and each comparator has an associated counter, 
and the comparators are designed to increment the 
respectively associated counter by one unit when the 

3 0 quantum energy of an X-ray quantum in the received 

X-ray radiation exceeds the threshold value of the 
respective comparator . 

A detector design such as this makes it possible to 
35 detect both the intensity and the spectrum of the 
received X-ray radiation in a particularly simple 
manner. Since, furthermore, the number of received 
X-ray quanta with a specific quantum energy are also 
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detected by all the counters in the comparators with 
lower threshold values, no results are rejected. The 
number of X-ray quanta with a 
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quantum energy within a threshold value range 

can then easily be calculated from the difference 
between the counts of two comparators with adjacent 
threshold values. In this case, use is made of the 
correlation of the counting rates of counters, so that 
the statistical error does not rise during the 
subtraction process. 

The threshold values of the comparators are preferably 
freely variable, so that the computer tomograph 
according to the invention can be matched to different 
measurement objects to be analyzed, and to different 
measurement methods. 

The information obtained from the detectors in the 
detector unit can be processed further particularly 
easily by the detectors in the detector unit having a 
large number of pulse logic devices. The pulse logic 
devices provide time normalization of the output 
signals from the comparators. In this case, one pulse 
logic device is in each case connected downstream from 
each of the comparators, and is connected upstream of 
each of the counters . 

The detectors in the detector unit preferably have a 
receiving area for the X-ray radiation, which receiving 
area is formed from gadoliniumoxysulf ide ceramic, 
bismuth germanium oxide or lutetium oxyorthosilicate . 
These very fast scintillator materials allow a counting 
rate, which is preferably used in the computer 
tomograph according to the invention, of up to 10 MHz 
for pixel sizes of about 1/50 mm 2 . 

Alternatively, however, the detectors may also have a 
direct-conversion receiving area for the X-ray 
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radiation, which receiving area is preferably formed 
from cadmium zinc telluride or cadmium telluride. 

The advantage of direct-conversion detectors is, in 
particular, that a large proportion of the evaluation 
electronics which are required for further processing 
of a signal produced by the detector can be integrated 
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in the detectors, thus making it possible to reduce the 
complexity of the detector unit, not least as a result 
of the reduction in the number of lines to be passed 
out . 

5 

The object on which the present invention is based is 
also achieved by a method for verification of X-ray 
radiation by means of a computer tomograph which has a 
detector unit comprising' a large number of detectors, 

10 having the following steps: 

detection of the number of X-ray quanta whose 
quantum energy exceeds a predetermined threshold value 
in the X-ray radiation received by means of the 
individual detectors in the detector unit; 

15 - transmission of the information obtained by means 
of the detectors in the detector unit to an evaluation 
device and 

calculation of a measurement result from a 
measurement object through which the X-ray radiation 

2 0 has passed, by means of the evaluation device on the 

basis of the information detected by the detectors in 
the detector unit, with both the intensity and the 
quantum energy of the individual X-ray quanta in the 
X-ray radiation received by means of the individual 

25 detectors in the detector unit being detected, and, in 
that, in each measurement period, the individual 
detectors in the detector unit emit a spectrum which, 
in addition to information about the number of X-ray 
quanta of medium quantum energy received in each 

30 measurement period, and hence the intensity, also 
contains information about the respective quantum 
energy of the X-ray quanta, and thus the spectrum of 
the received X-ray radiation, and in that the 
measurement result from the measurement object is 

3 5 calculated by means of the evaluation device on the 
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basis of the information detected by the detectors 
relating to the intensity and quantum energy of the 
individual X-ray quanta in the received X-ray 
radiation, taking into account the intensity and the 
spectrum of the X-ray radiation emitted from a 
radiation source. 

A method such as this makes it possible to correct for 
scattered radiation influences and hardening effects in 
a particularly simple and reliable manner by comparison 
of the intensity and of the spectrum of the X-ray 
radiation which is emitted from a radiation source with 
the intensity, as detected by the detectors in the 
detector unit, and the spectrum of the received X-ray 
radiation, and thus to calculate a particularly 
detailed measurement result from a measurement object 
being analyzed. 
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detector unit of the computer tomograph according to 
the invention and the spectrum of the received X-ray 
radiation, it is possible to calculate a particularly 
detailed measurement result from a measurement object 
5 being analyzed, in a particularly simple and reliable 
manner . 

The detectors in the detector unit preferably have a 
receiving area for the X-ray radiation, which receiving 

10 area is formed from gadoliniumoxysulf ide ceramic, 
bismuth germanium oxide or lutetium oxyorthosilicate . 
These very fast scintillator materials allow a counting 
rate, which is preferably used in the computer 
tomograph according to the invention, of up to 10 MHz 

15 for pixel sizes of about 1/50 mm 2 . 

Alternatively, however, the detectors may also have a 
direct-conversion receiving area for the X-ray 
radiation, which receiving area is preferably formed 
20 from cadmium zinc telluride or cadmium telluride. 

The advantage of direct-conversion detectors is, in 
particular, that a large proportion of the evaluation 
electronics which are required for further processing 
25 of a signal produced by the detector can be integrated 
in the detectors, thus making it possible to reduce the 
complexity of the detector unit, not least as a result 
of the reduction in the number of lines to be passed 
out . 

30 

The object on which the present invention is based is 
also achieved by a method for verification of X-ray 
radiation by means of a computer tomograph which has a 
detector unit comprising a large number of detectors, 
35 and in which both the intensity and the quantum energy 
of the individual X-ray quanta in the received X-ray 
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radiation received by means of one detector in the 
detector unit being detected. 
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According to a first embodiment of the method according 
to the invention, the step of detection of the X-ray 
quanta which are received by means of the detector in 
the detector unit comprises the following steps: 
5 - detection of a signal which is produced in the 
detector as a consequence of a received X-ray quantum, 
whose signal level is proportional to the quantum 
energy in the received X-ray quantum; 

comparison of the signal level with a large number 

10 of predetermined threshold values; 

incrementation of a counter, which is in each case 
associated with one range between two adjacent 
threshold values, by one unit when the signal level of 
the signal is in the range between the two adjacent 

15 threshold values. 

Since the counts of the counters thus receive both 
information about the number of X-ray quanta received 
and about the respective quantum energy of the received 

2 0 X-ray quanta at the end of a measurement period, it is 

simple to indicate both the intensity and the spectrum 
of the received X-ray radiation on the basis of the 
counts of the counters. 

25 According to an alternative, second, particularly 
preferred embodiment of the method according to the 
invention, the step of detection of the X-ray quanta 
which are received by means of the detector in the 
detector unit comprises the following steps: 

3 0 - detection of a signal which is produced in the 

detector as a consequence of a received X-ray quantum, 
whose signal level is proportional to the quantum 
energy in the received X-ray quantum; 

comparison of the signal level with a large number 
35 of predetermined threshold values; 

incrementation of counters, which are each 
associated with one threshold value, by one unit when 
the signal level of the signal exceeds the respective 
threshold value. 
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One particularly advantageous feature of this procedure 
is that no results are rejected since the number of 
received 
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X-ray quanta with a specific quantum energy are 

also detected by all the counters with a lower 
threshold value. The number of X-ray quanta with a 
quantum energy within a threshold value range can then 
easily be calculated from the difference between the 
counts of the counters of two comparators with adjacent 
threshold values . 

It is also advantageous for a signal which is produced 
in the detector as a consequence of a received X-ray 
quantum to be rejected if the determined signal level 
of the signal is lower than a lowest threshold value. 

Another particularly advantageous feature of the method 
according to the invention is for the threshold values 
to be freely variable. 
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Preferred embodiments of the present invention will be 
described in the following text with the assistance of 
the figures. In the figures, identical elements are 
provided with the same reference symbols and, in this 
5 case: 



Figure 1 shows a detector unit, which comprises a 
large number of detectors, for a computer 
tomograph for verification of X-ray 
10 radiation, 



15 



Figure 2 shows, schematically, major elements of a 
detector for the computer tomograph according 
to the invention, based on one particularly 
preferred embodiment, 



Figure 3 shows the principle of a development of the 
detector shown in Figure 2, 



2 0 Figure 4 



shows, schematically, major elements of one 

preferred measurement layout with the 

computer tomograph according to the 
invention, and 



2 5 Figure 5 shows a flowchart of one particularly 

preferred embodiment of the method according 
to the invention for verification of X-ray 
radiation, by means of a computer tomograph 
which has a detector unit comprising a large 

3 0 number of detectors. 



Figure 1 shows a detector unit, which comprises a large 
number of detectors, for a computer tomograph for 
verification of X-ray radiation. 

The individual detectors 1 in the detector unit 2 are 
each designed to be the same, and each have a receiving 
area 4 for X-ray radiation. 
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In the illustrated preferred embodiment, the receiving 
areas 4 of the detectors have a scintillator material, 
in which impinging X-ray quanta are converted to light. 
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In this case, the number of photons which are produced 
by a received X-ray quantum is approximately 
proportional to the quantum energy of the received 
X-ray quantum. In Figure 1, bismuth germanium oxide 
5 (Bi 4 Ge 3 0i2) is used as the scintillator material. 
However, alternatively, gadoliniumoxysulf ide (Gd 2 02S) 
ceramic or lutetium oxyorthosilicate (Lu 2 Si0 5 ) are also 
highly suitable owing to the speed of these 
scintillator materials. 

10 

However, alternatively, the receiving areas 3 of the 
detectors may also be formed from cadmium zinc 
telluride (CdZnTe) or cadmium telluride (CdTe) , since 
these materials can emit an electrical signal directly 

15 in response to a received X-ray quantum (that is to say 
without having to pass through light) . The value/ the 
level of the signal (in the form of a charge, a voltage 
or a current that is produced) is in this case 
approximately proportional to the quantum energy in the 

20 received X-ray quantum. Direct-conversion detectors 
have the particular advantage that some of the 
evaluation electronics which are used for further 
processing (but which are not shown) for the detectors 
can be integrated directly in the respective detector. 

25 

Figure 2 shows, schematically, major elements of a 
detector for the computer tomograph according to the 
invention, based on one particularly preferred 
embodiment . 

30 

As explained above, a received X-ray quantum produces a 
signal in the receiving area 3 of the detector 1 
illustrated in Figure 2, whose signal level is 
proportional to the quantum energy of the received 
35 X-ray quantum. This signal is amplified by an amplifier 
12 . 
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A detection circuit 16, which has three parallel- 
connected comparators 131, 132 and 133, is connected to 
the amplifier 12. 
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Each of the parallel-connected comparators 131 , 132 and 
133 is assigned a different freely variable threshold 
value. In the illustrated example, the comparator 131 
is assigned the lowest threshold value, and the 
5 comparator 133 is assigned the highest threshold value. 

The comparators 131, 132 and 133 are designed in order 
to compare the signal emitted from the amplifier 12 
with their respective threshold value, and to emit a 
10 positive signal if the signal received from the 
amplifier 12 is higher than the respective threshold 
value . 

A pulse logic device 141, 142 and 143 is in each case 
15 connected in series with the comparators 131, 132 and 
133. Each of the pulse logic devices 141, 142 and 143 
is designed to provide time normalization of the output 
signals from the comparators 131, 132 and 133. A 
counter 151, 152 and 153 is in each case connected in 
20 series with the pulse logic device 141, 142 and 143. 

A positive signal emitted from the respective 
comparator 131, 13 2 and 13 3 and normalized by the 
respective pulse logic device 141, 142 and 143 results 
25 in the respective counter 151, 152 and 153 being 
incremented by one unit. 

In this case, the pulse logic devices 141, 142 and 143 
are preferably synchronized to one another, and have a 
3 0 common control line, which is not shown. 

When, in the particularly preferred embodiment of a 
detector for the computer tomograph according to the 
invention as shown in Figure 2, an X-ray quantum is 
3 5 thus received, whose quantum energy is higher than the 
threshold value of the comparator 132 and is thus also 
higher than the threshold value of the comparator 131, 
but is lower than the threshold value of the comparator 
133, then both the comparator 131 and the comparator 
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132 emit a positive output signal. As a result of this, 
the counters 151 and 152 are incremented upward by one 
unit. The comparator 133 on the other hand emits 
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a negative output signal, and the counter 153 
associated with the comparator 133 remains unchanged. 

When, in the illustrated example, an X-ray quantum is 
5 received whose quantum energy is higher than the 
threshold value of the comparator 131 but is lower than 
the threshold value of the comparator 132 and is thus 
also lower than the threshold value of the comparator 
133, then, in a corresponding manner, only the counter 
10 151 is incremented by one, while, in contrast, the 
counters 152 and 153 remain unchanged. 

If, in contrast, an X-ray quantum is received whose 
quantum energy is lower than the threshold value of the 
15 comparator 131, then the X-ray quantum is not detected 
by any of the counters 151, 152 or 153. 

It is thus possible by skilful choice of the lowest 
threshold value to exclude from the start scattered 

2 0 radiation inputs, since they are not detected by any of 

the counters. 

As will be clearly evident from the examples described 
above, the number of received X-ray quanta whose 
25 quantum energy corresponds to a respective threshold 
value range can easily be calculated by the difference 
between the counts of the counters in comparators for 
adjacent threshold values. 

3 0 The particularly preferred embodiment which is 

illustrated in Figure 2 allows, owing to better 
clarity, only a spectral distinction between X-ray 
quanta in four quantum energy ranges (lower than the 
threshold value of the comparator 131, between the 
35 threshold values of the comparators 131 and 132, 
between the threshold values of the comparators 13 2 and 
133, and higher than the threshold value of the 
comparator 133). 
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In order on this basis to achieve a higher spectral 
resolution for the received X-ray radiation, as is 
desirable in practice, all that is necessary is to 
provide in the detection circuit 16 a higher number of 
5 parallel switched 
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comparators with different threshold values. As 
indicated in Figure 3, a pulse logic device and a 
counter can once again be associated with each 
comparator. In consequence, a virtually indefinitely 
5 fine spectral resolution of the X-ray radiation 
received by the receiving area 3 of the detector 1 can 
thus be achieved in a simple manner. 

The detector 1, as described above, in the detector 
10 unit 2 for the computer tomograph according to the 
invention thus detects both the intensity and the 
quantum energy of the individual X-ray quanta in the 
received X-ray radiation. 

15 According to one particularly preferred embodiment, 
which is illustrated in Figure 4, it is also 
particularly advantageous for the computer tomograph 
according to the invention to have, in addition to a 
radiation source 41 for emission of X-ray radiation 40 

2 0 with a predetermined intensity and a predetermined 

spectrum, a transmission device 43 for transmission of 
the information detected by the detectors 1 in the 
detector unit 2 to an evaluation device 44 . 

25 In this case, the evaluation device 44 is preferably 
designed to use the information detected by the 
detectors 1 in the detector unit 2 to calculate a 
measurement result from a measurement object 42 through 
which the X-ray radiation 4 0 from the radiation source 

3 0 41 has passed, taking into account the intensity and 

the spectrum of the X-ray radiation 40 emitted from the 
radiation source 41. 

This design makes it possible to obtain a particularly 
3 5 accurate and error- free measurement result, since 
scattered radiation influences as well as hardening 
effects can be effectively detected, quantified, and 
thus also corrected. 
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In the following text, with reference to Figure 5 and 
using a flow chart, a preferred embodiment of the 
method according to the invention 
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is described for verification of X-ray radiation by 
means of a computer tomograph which has a detector unit 
2 comprising a large number of detectors 1. 

5 According to the invention, in the case of the method, 
both the intensity and the quantum energy of a single 
X-ray quantum in the received X-ray radiation 40 
received by means of one detector 1 in the detector 
device 2 are detected. 

10 

According to the preferred embodiment illustrated in 
Figure 5, the step of detection of the X-ray quanta 
received by means of a respective detector 1 in the 
detector unit 2 has the following steps: 

15 

In a first step SI, the detector 1 is continuously 
monitored for incident X-ray quanta, in order to detect 
an analog signal emitted from the detector 1 as a 
consequence of an X-ray quantum having been received. 

2 0 In this case, the detector 1 is designed such that the 
value (the level) of the emitted signal is proportional 
to the quantum energy of the received X-ray quantum (as 
is the case, by way of example, with scintillation 
detectors) . This emitted signal may, for example, be an 

25 electric current, a voltage or a charge with a specific 
magnitude . 

In step S2, if a signal which is produced as a 
consequence of an X-ray quantum being received by the 
30 detector 1 is detected, then the value of the signal 
that is produced is first of all compared with a first, 
lowest threshold value in order to determine the 
quantum energy of the received X-ray quantum, causing 
the signal, in step S3. 

35 

If a decision is made in step S4 that the value of the 
signal is higher than the lowest threshold value, then 
a 
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counter 151 which is associated with the lowest 
threshold value is incremented by one unit in the next 
step S5. 

5 Otherwise, the method returns to step SI, in which the 
detector 1 carries out continuous monitoring for 
incident X-ray quanta. 

If the decision as made in the step S4 that the value 
10 of the signal is higher than the lowest threshold 
value, then the signal, then, after incrementing the 
counter 151 (see step S5) that is associated with the 
lowest threshold value, the signal is compared with the 
next-higher threshold value, in step S6. 

15 

If the decision is made in the following step S7 that 
the value of the signal is higher than this next-higher 
threshold value, then the counter 152, 153 which is 
associated with this threshold value is also 
20 incremented in the step S8 . 

The signal is then once again compared with the 
respective next-higher threshold value in step S6 . 

25 If the decision is made in step S7 that the signal 
value is lower than the respective threshold value, 
then the method returns to step SI, in which the 
detector 1 carries out continuous monitoring for 
incident X-ray quanta. 

30 

It should be noted that individual steps in the method 
described in conjunction with Figure 5 (in particular 
the steps S3, S4, S5 and S6, S7 , S8), if they are 
carried out by the electronic detection circuit as 
3 5 shown in Figure 2, are preferably not processed in 
serial form, as shown in Figure 5, but in parallel 
form. In this case, clocking of the steps in Figure 2 
is predetermined by the pulse logic device, and is 
preferably several MHz. 



WO 03/079903 



- 17a - 



PCT/DE03/00818 



As is obvious from the embodiment according to the 
invention, explained with reference to Figure 5, that a 
signal generated by the detector 1 as a consequence of 
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a received X-ray quantum is rejected if the signal 
value is lower than the lowest threshold value. It is 
thus possible to largely exclude scattered radiation 
influences by a suitable choice of the lowest threshold 
5 value. 

However, in principle, the threshold values are in this 
case freely variable, so that it is even feasible to 
use a lowest threshold value of zero, or close to zero. 
10 A low threshold value such as this has the advantage 
that no event is rejected. 

Once the method described above has been carried out, 
the number of incident X-ray quanta with a quantum 
15 energy which corresponds to a specific threshold range 
can easily be determined by the difference between the 
counts of the counters which are associated with 
adjacent threshold values. 

2 0 In the described particularly preferred embodiment, the 

method illustrated in Figure 5 is carried out in a 
detection circuit 16 which is integrated in each 
detector 1 in the detector unit 2 for the computer 
tomograph according to the invention. 

25 

According to one alternative embodiment of the method 
according to the invention, which is not specifically 
illustrated, it is also possible, in contrast to the 
embodiment described above, to in each case increment 
30 by one unit only that counter which is in each case 
associated with a range between two adjacent threshold 
values, while, in contrast, the other counters remain 
constant. This allows the number of incident X-ray 
quanta with a quantum energy associated with a specific 

3 5 threshold range to be emitted directly without any 

further calculations . 
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This alternative embodiment of the method according to 
the invention can be implemented in circuitry 
particularly easily in that an AND 
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gate with inverting input is connected upstream. In 
this case, the outputs of the comparators for adjacent 
threshold values can be connected (possibly via a pulse 
logic device) to the inputs of this AND gate. 

5 

In the method according to the invention, it is also 
particularly advantageous for the method also to have 
the steps of transmission of the information obtained 
by means of the detectors 1 to an evaluation device 44, 

10 and calculation of a measurement result from a 
measurement object 42 through which the X-ray radiation 
40 has passed by means of the evaluation device 44. In 
this case, the measurement result is calculated by the 
evaluation device 44 on the basis of the information 

15 detected by the detectors 1, taking into account the 
intensity and the spectrum of the X-ray radiation 40 
emitted from a radiation source 41. During the 
calculation of the measurement result for the 
measurement object 42, it is thus possible to correct 

20 not only for the scattered radiation influences but 
also for hardening influences, with a high degree of 
error confidence. 

In summary, according to the present invention, the 
25 detection of both the intensity and the spectrum of 
X-ray radiation 4 0 which is received by means of a 
detector 1 in a detector unit 2 for a computer 
tomograph allows a computer tomograph and a method to 
be provided for verification of X-ray radiation 40 by 
3 0 means of a detector unit 2 which comprises a large 
number of detectors 1, in which any adverse effect on 
the measurement result caused by scattered radiation 
quanta or hardening effects can easily and reliably be 
avoided. 



